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Abstract: Most documents available in Textual Database or in Internet are strongly structured. This is the case for
example for scientific papers or written documents using markup languages (HTML, XML). This information
provided by the structure can be exploited by systems of information retrieval to define the granularity of
elements to return in response to a request made by a user or to improve the relevance of these results. In
this article, We are interested in recovering multimedia elements. Like this, we propose a new metric for
multimedia retrieval in XML documents which is based on computing a geometric distance between XML
nodes while taking into account kinship ties and proximities between them. This measure will introduce a new
source of evidence for multimedia retrieval in structural documents which aims at finding relevant multimedia
element that focus on the user information need. Experiments have been undertaken to show the effectiveness
of our method.

1 INTRODUCTION In this context, we took advantage of this hypothesis
to compute a new metric based on the geometric dis-
d tance between nodes.
This article is organized as follows: in the second
section, we present an overview of existing work in
the field of multimedia retrieval in XML document. In

Today, digital documents have become more an
more complex by integrating heterogeneous textual,
structural, and multimedia metadata. The generic
markup language XML (eXtensible Markup Lan- i . .
guage) has gradually established itself as a supportth® third section, we describe our approach of calcu-
tool not only for data exchange but also for storage. 2ting distances between nodes in an XML document

Managing XML documents requires the development th_at focuses on qlefir_ling a set of proximity relations
of new methods to efficiently analyse such complex with the geometric distances to best meet user needs

information and so to facilitate personalized access to (SPecificity and completeness). In the fourth section,
XML corpuses (Bray et al., 2003). we exploit the results of the application of our method

on INEX 2007. The fifth section, we conclude this pa-

In this context, XML retrieval is a straightforward .
per and we discuss our future work.

framework that requires such methods. XML retrieval
consists of retrieving potentially relevant document
fragments for a given information need. These frag-
ments include multiple information types suchastex- 2 STATE OF THE ART

tual or multimedia elements in a structured way.

In this article, we focus on the presentation of a The advent of structured documents has caused new
new metric which is essentially based on structure of problems in information retrieval world, and more
XML document that specifies the relevance of a me- specifically in multimedia elements retrieval. These
dia element without recourse to its physical content problems are strongly related to nature of these doc-
(audio, video, and image). Indeed, the structure of uments that provide the structure as a new source
XML document is used to identify and describe the of evidence. Thus, nowadays, XML documents in-
various components of textual and non-textual. In ad- clude multimedia elements of different types (audio,
dition, the structure describes nature of elements andvideo and image)implicitly embedded in the textual
relations between them. Therefore, the distance be-elements. These multimedia elements (such as phys-
tween a pair of nodes in XML document plays an ical objects) do not contain enough information to be
important role for determining the relevant elements. able to answer a given query. Therefore, the com-
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pute of relevance score of multimedia element must tic links (Aouadi et al., 2012). This method above to
be based on the information made textual and struc- divide the document into regions according the hier-
tural of other nodes XML neighboring (Hliaoutakis archical structure and the location of image in docu-
et al., 2006). ment. This factor plays a role in the weighting of links

Several works with deal XML document as a flat for compute the score of image.

source of information and ignore the structure of  In this paper, we propose a new metric for mul-
XML documents. In this context, (Sch”eder and Hol- timedia retrieval in XML documents which involves
ger, 2002) say: "Ignore the document structure is to the use of geometric distances to calculate the rele-
ignore its semantics”. Indeed, XML documentis used vance of each node from the multimedia node. This
to describe a set of data by a structure that provides amethod consists of placing the nodes of XML doc-
semantic lexicon. Thus, it facilitates the presentation Ument in Euclidean space and define each node by
of information in terms of interpretation and exploita- & vVector of coordinates to calculate then the distance

tion. Replying to this need, new works appear in the between each pair of nodes. This distance will play
field of multimedia retrieval that takes into account @& beneficial role to calculate the score of multimedia

the structure as source of relevant information. element.

Existing work in structured retrieval of multime-
dia elements is decomposed in two classes. The
first class includes some works which proceed to 3 PROPOSED APPROACH
adopt some traditional technical of retrieval informa-
tion as language model. In this context, the team The structure of XML document, which is composed
CWI/UTwenteperforms a step of filtering results to by a root, a set of nodes with elements and attributes,
keep the fragments containing at least one multime- influences the relevance of an XML fragment. The
dia element (Westerveld et al., 2007)(Tsikrika et al., notion of structure is also to identify and describe the
2008). various components of textual and non-textual, which
The second class includes the specific work to be iS structured document. Relevant elements retrieval
structured multimedia retrieval. This class uses the ¢an then be based on these elements rather than the

structure as a source of evidence in the process of se€lement itself. In this direction, we focused on prox-
lection of multimedia elements. As first step, (Kong imity, kinship and nesting relations by defining a set
and Lalmas, 2005) proposed a method which com- of geometric distances to best represent multimedia
bines structure of XML document (XPath) with the €lements according to their vicinity. Determining the
use of links (XLink). This method is to divide XML  degree of contribution of each text node in the calcula-
documentinto regions. Each region represents an aredion of relevance of the multimedia element is mainly
of ancestors of the multimedia element. Its score is carried of depending in distance between the node it-
calculated in function of the scores of each region. Self and the multimedia element.

This method exploits vertical structure only. In asec-  In this paper, we present a new source of evidence
ond time, (Torjmen et al., 2010) have used the ad- "geometric” dedicated to multimedia retrieval which
dition of horizontal structure to the notion of hier- is based on intuition that each textual node contains
archy. (Torjmen et al., 2010) use a method called information that describes semantically a multimedia
"CBA" (Children, Brothers, Ancestors), which takes €lement. And the participation of each text node in the
into consideration the information carried by the chil- score of a multimedia element varies with its position
dren , brothers and fathers nodes for calculate the rel-in there XML document.

evance of multimedia elements. The authors propose  For compute the geometric distance, we initially
an alternative method "OntologyLike” which is based Place the nodes of each XML document in a Eu-
on the identification of XML document to ontology. clidean space for calculate the coordinates of each
To calculate the similarity between nodes the authors node by the algorithm 1 defined below. Then, we
use similarity measures (Rada et al., 1989)(Hirst and compute the score of a multimedia element depend-
St-Onge, 1997)(Wu and Palmer, 1994) that are mainly ing on the distance between each textual node.

based on the number of edges to calculate the distance ~ For presentation of structural information, we an-
between nodes. alyzed the structure of XML documents and its repre-

There are other approaches to multimedia retrieval SENtation in the tree form and we choose a new geo-
based on exploiting the links in XML document metric metric for the representation elements of XML

(Awadi and Torjmen, 2010). This work was improved document. Each node must be presented in a Eu-
by proposing a hybrid approach that combines struc- clidean space and distance will be calculated between
ture with using of links that are considered as seman- 1€ multimedia element and textual node.
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3.1 Thepropertiesof an XML Tree

An XML tree is described by a set of relationships
between nodes. Formally an XML tree is a pAie
(E,R) whereE is a set of XML elements anid C E?,
((p,q) € Rif pis the parent of)is a set of relations
satisfying:

reEVge E—{r},(r,q) eR 1)
With r is the root of the tree.
Vpe E—{r},3!lgcE,(p,g) €R ()

Each node has a parent except the rootr.

Table 1: Checking properties of an XML tree.

zo

V\@
“@

Non-XML tree

g
o E’) Non-XML tree

In Table 1, we present some trees (we see that A
is the root element in the four examples). The first is
an XML tree, but others are not because they do not
satisfy the properties specified by equations 1 and 2.

vn € N*, we define the functiomd, according
to the hierarchy operated and descendants of the
element explored by:

VgeE,
{q}ifn=0
_ if 3pe E, (p,q) € Randn>0
An(q)= 4 AP if3P (p,q)
o else
The depth of the treA = (E,R) is defined by:
depthfE,R)= argmax n 3)

geE,neN,An(q)#2
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3.2 Exploitation Relationships of
Proximity and Kinship

The XML tree representation allowed us to unveil
certain relationships of neighboring, brotherhood and
offspring. Indeed, the distanckwhich separate two
or more brothers with their common ancestors itera-
tively is the same. And brothers of the same hierarchi-
cal level are equidistant. These distances are defined
according to the relationship of contiguity and seman-
tic similarity between nodes. These distances are not
quantized but will be extracted in function of the po-
sition of each textual node in XML tree.

All these properties result in: For ally =
(X1, %2 -Xim) andgj = (Xj1,Xj2---Xjm) whereQ is
a set of vectors ifR™.

e In the same hierarchy, if there are more than two
brothers then these adjacent nodes are equidistant:
property 1

VQi,QJ,quQ if Ag(di) = Aa(q;

d(qi,dj) = d(q;, 0k )

= A1 (k)

The distance between any node and its descen-
dants is the same:

Eopertyz
Vi, gj,d € Q,n € N,An(di) = An(dj) =1
d(qi,q) = d(q;,q)
Example:

Figure 2 shows the representation of the different
relationships that exist in XML tree. From these rela-
tionships, we can generate system of equations taking
into account for kinship relationships nodes based on
hierarchy and adjacency. These relationships are de-
cried by equalities in this order (these equations are
only examples):

d(n;,nz) = d(ng,n3)
d(ni,n2) = d(n1,na)
d(ni,n2) = d(ng,ns)
d(nz,n3) = d(ny,na)
d(nz,n3) = d(ns,ns)
d(nz,n3) = d(nz,ns)
d(nz,n3) = d(ng,ns)
d(n1,na) = d(ng,ngs)
d(n;,ne) = d(n1,me)
d(ns,nis) = d(N14,Me)
d(nig,ns) = d(ns,Nge)
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o A3(G)=A2(E)=A1(C)=Ao(A)={A}
0 b As(E)=A4(C)=As(A)=(h

A2(G)=A1(E)=Ao(C)={C}

oo

Figure 1: Example of the application of tidg on an XML tree.

Root

Hierarchy 2

Adjacent brothers

Figure 2: Schematization relations of proximity and kipsbétween nodes.

We proceeded to make distributions necessary to 3.3 Properties of Geometric Distances
group unknown in one side and numbers on the other between XML Elements
side so we try to associate each XML node coordinate
vector and we replaced the distartta dissimilarity

) . ) Once we have defined these relations, we obtain a sys-
distance. We obtain a system of equations:

tem of nonlinear equations. Initially, the objective is

ST (m—np)?2 — \/m -0 to identify the number of Qquations is equaNp+ I\_lz
whereN; (respectivelyN,) is the number of equations
ST ()2 — \/m -0 generated by the property 1 (respectively property 2):
Ny = C\Z{QGQ-,(DQ)GRH -1 (4)

ST -2 — /ST —ngZ=0 H p;z |
0€Q.(p.a)ER} >3
STz —ng)? — /Fi(n2—1a)?=0

Ny = ({s€Q.(a,s) € R} —1)

Yiti(n—ng)? — /3il4(ns—ns)?=0 ngnezN* 4eQ. AE(q)z{p}
l{s=Q (@R} 22 (5)

S —n3)2 — /3Ti(n2—ns5)2=0 The resulting system is nonlinear, its resolution

requires the use of an approximate resolution multi-
Shi(ne—n3)2 — /S(na—ns)2=0 dimensional method where we used iterative solution

method (see Algorithm 1). The process begins by
SMi(n—na)2 — /Si(m—ns)2=0 assigning to each XML node a random vector coor-

dinates. Trying to improve the coordinate values of
ST (Mm—n)2 — /3 (m—nge2=0 each node according to an error value (the sum of the

squared deviations). At each iteration, the coordinates

m _ 2 _ m — 7 _ are improved together with the minimization of this
Z1(N1a—ms VYit1(Na—n)c=0 . ;
Y= ) Tz ) error. The algorithm stops when the error reaches its

minimum value (no improvement is possible). 1@t
Yiti(Na—ns)® — /3 (Ns—Me)? =0 ( P P ). (&

the set of vectors obtained at a given iteration during
With mis the dimension of the Euclidean space. the course of the algorithm, the error is defined by:
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error(Q) =
0,0, kEQ,
Ax(a)=A1(a))=A1(0k)

(d(ai,qj) —d(ai, k)

+ (d(ai, q) —d(qj,a))?
Qiﬂqj,qé,neN, !

An(a)=An(aj)=1

Algorithm 1: Resolution algorithm approximate nonlin-

ear system of equations.

Require: (Q= (d1,02...0)q|),R) :an XML tre
4i=(01,Gli2--Aim) Vi € [1,]Q]]
m:dimension
for (i, j) € [1,|Q|]* do
gij < random value
end for
Q1 < (01,92.--9q|)
repeat
P« Q]_
for (i, j) € [1,/Q|]? do

€ as

Q2 < (01,02...0i-1,G +dj(1),0 1))
Qs+ (1,02...0i—1, 0 +d;j(€),Gir1---Ooy)

Q4+ (O1,02.--Gi-1, 0+ dj (1 —€), 041
t«0
while error(Q1) > error(Qz) > error
error(Q,) do
Qs = (O1,0---Gi—1,Gi + 2'dj (1), Gt 1
t=t+1
end while
t«0
while error(Q1) < error(Qz) < error
error(Q,) do
Q1= (01, O2--.Gi—1,G — 2'dj (1), Gis1
t=t+1
end while
while |error(Q;) —error(Q,)| > € do

Qs Q1+Q

let Qs = (p1, P2---PQ)
if error(py, Pz...Pi-1, pi
dj(€), Pi+1 - Pq)
error(ps, P...pi-1, Pi + dj(€), Pis1
then
Q1+ Qs
dse
Q2+ Qs
end if
end while
end for
until P=Q

+0q|)
(Qs) >

)

(Qs) <

+0q|)

P

With Vv € R, Dj(v) = (dy,d2---dm) is as:

Oif k]

d=1{ | otherwise
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3.4 Presentation of the Multimedia
Element

A multimedia element (egmage does not contain
textual content. His score is based on textual nodes
in its neighborhood (Figure 3). The transition from
the XML tree structure representation of elements in
Euclidean space, where we exploit the dissimilarity
distances separating a multimedia node and other tex-
tual nodes, is performed by extracting the equations
satisfying the properties defined in the section 3.2 and
the application of the algorithm 1 defined in section
3.3(Figure 3 and Figure 4).

Figure 3: Representation of multimedia elemidritased on
structural information.

(@ v
© ® ® e ® 7

Figure 4: Representation of multimedia elemidritased on
geometric information.

To calculate the distance between a naodand
multimedia elemen, it suffices to calculate the Eu-
clidean distance between their respective feature vec-
torsg, andgy:

m

dist(n,H) = _;(qn —QH)? (6)

With mis the dimension of the Euclidean spaag.
is defined by:qn=(xr1, Xn2 ... Xniym) with xn are the
coordinates comprising the vector characteristics of
noden. And gy is defined by:qy =(xHi1, xHiz ...
XHim with xH represent the coordinates compose the
vector characteristics of a notte

For the exploitation of textual information, we
have passed by the steps of removing stopwords
and the radicalization through the Porter algorithm
(Porter, 1980). We calculated the score for each tex-
tual node depending on the frequency of each term
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composet(f) and the number of elements in the cor- from each node. This step represent a textual index-
pus according to the number of elements containing ing who use a few NPL (natural processing language)

theterm {df). tools such as: Pruning stop words, radicalization us-
A textual node is presented by= (ng,nz---nyy|) ing the PORTER algorithm: -

wheren; is the weight of the ternt, v is the set of The second step consists to extracting the geomet-

indexing terms and defined by: ric property from the representation of the structure of

the XML document as tree . The node coordinates are
generated by approximative resolution method.
n =tf(ti,n) xidf(t) @) The third step is a significant and fundamental step
in information retrieval process and it is traditionally
N determined through term frequency (tf) and inverse
idf(t) =log(g) (8).  document frequency (IDF). In structured retrieval in-
! formation, The score of node is computed as sum of
weight each term in textual element.

The last step consist to compute the rsv of multi-
media element in function of set of the textual nodes
in proximity.

Collection used is extracted from the company
INEX (Initiative for the Evaluation of XML Re-
trieval). INEX 2007 is composed of XML documents
extracted from "Wikipedia”. This collection consists
of 659,388 heterogeneous documents. The Ad-hoc

With

WhereN is the total number of XML elements in
the corpuspN; is the number of elements that contain
the termt; andt f (t;, n) is the frequency of the term
in nnode.

The score of textual node depends on the weight
of each index term. A query is made by the list:
V= (V4,V2---V)y) wherev; = {0,1} according mem-
bershipt; at the query.

The score of textual nodefor the queryq is de-

fined by: XML collection is composed of Wikipedia XML doc-
uments containing multimedia fragments affiliates in
v a textual context. (Fuhr et al., 2007) described this
rsv(g,n) = g x n' = Z\qi X 1j (9) collection and give these statistics described in Table
i= 2.
Whe_reu i_s the set _of te>§tual elements. The score of Table 2: Collection XML Ad Hoc.
multimedia nodeH is defined by:
Total number of XML documents 659,388
Total number of images 246,730
rsv( n) Average depth of the document structure 6.72
rsv(q, H) = Z # (10) Average number of XML nodes per document 161.35
e dist(n,H)

o _ i In this paper, we investigate the use of two types
With dist(n, H) is the distance between the feature ¢ queries:

vectors corresponding to the nodeandH. ) _
This equation leads to assign the importance of co- ® Queries made by keywords and only ask in return

operation of all nodes in computing the score of mul-  Only images. This task is called "Content-only” :
timedia element that shows its beneficial impactin the
step of retrieving and interrogation. ¢ Queries composed by keywords and structural in-

formation and ask in return fragments multimedia.
This task is called "Content and structure” : CAS.

4 EVALUATION AND RESULTS
Table 3: Results of the impact of geometric metric on the

For the evaluation we developed a system for index- INEX 2007 based in th#1AP(Mean Average Precision).
ing and retrieving multimedidMX S— index (MIR- Content-only Content and structure
ACL Structural XML Indexing) essentially based on MAP 0.2814 0.3102
exploitation of a new measure founded on the geo-
metric structure an XML document as a source of ev- The evaluation results show that this method pro-
idence. vides a MAP which is equal to 0.2814. This value

MXS— indexmethodology as schematized in Fig- increases to 0.3102 by adding another factor in the
ure 5 consists of four main steps: term extraction, evaluation of our method. This factor is the addition
structural metric, node weighing and multimedia el- of structural information in the query where perfor-
ement weighing. The first step is to extract terms mance improvement. We also found that the metric
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L XML
7 XML DOCUMENT

NLP tools " Term extraction

D& Structural metric

yl» & Pruning stop words : 1 Geometric propriety extraction
7 : |
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!
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Figure 5: Architecture of our indexing approalehX S—index
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